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ABSTRACT 
Many methods a re  available for t he  preparation of thin films of semiconductors used a s  photo- 
electrodes in photoelectrochemical cells. In this article, Chemical Bath Deposition (CBD) is dis- 
cussed. The emphasis is o n  thin films particularly for use  in solar energy conversion applica- 
tion through the  electrochemical route. 
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INTRODUCTION 
reparation of thin film photoactive materials plays an important part p. . . In devlsmg photodectrochemical solar cells. Thin film photoactive 
electrodes have the overriding advantages of ease of preparation and 
cheapness due to the very m a l l  quantity of theactive matel-ial ~equired.  
Some of the more common thin film preparation methods are chem- 
ical spray deposition (CSD), chemical bath deposition (CBD), elec- 
trodeposition, vacuum co-evaporation, chemical vapour deposition 
(CVD) and RF sputtering. T h e  processes produce polycrystalline thin 
film's satisfactory for end use in photoelectrochemical (PEC) cells. This 
article presents briefly chemical bath deposition (also known as solution 
growth method, cor~trolled precipitation method, electroless plating or 
simply chemical deposition) for producing thin semiconductor films. 
Advantages of CBD 
CBD does not require sophisticated instrumentation like vacuum sys- 
tems and other expensive equipment. I t  can be carried out  in a glass 
beaker. Only a hot plate and a stirrer are the equipment needed and 
hence the power consumption i5 also negligible. T h e  starting chenlicals 
are commonly available and cheap materials. 
CBD is ideally suited for large area deposition; it can he done by using 
large volume \essels. A large numher of suhstrates can he coated in a 
Gngk run with a p ~ ~ p e ~ . . j i g  ( I e \ iq .  I'o\itioni~~g I I K  <II~)\II . ; IICS i11o11g t t ~ c  
wall of the reaction vessel is a simple procedure to have a large number 
coated..Unlike in electrodeposition, electrical conductivity of the sub- 
strate is not a necessary requirement forCBD. Hence, any insoluble rur- 
face t o  which the solution has free access will he a suitahle suhstrate for 
deposition. The low-temperature deposition used in CHD avoids oxida- 
tion o r  corrosion of metallicsuhstrates. CBD results in pin hole free and 
uniform deposits as the solution from which the films are deposited 
;ilwa,s renia'in\ it1 ~0111.t1 wilt1 the \ut)~tr; t~c.  Fi~~;tl l \ ,  S I ~ ~ C I I ~ C I I I I < . I I . ~ (  
deposi~s are easily obtained, since the hasic huilding blocks are ions 
(instead of atoms) in CBI). 
In CBD, the film f i ~ r n ~ s  slowly, which facilita~es hetter orieniatton of 
crystallites with improved grain structures. Depending upon the deposi- 
tion conditions such as the bath temperature, stirring rate, pH. solution 
concentration and i ~ s  purity and quality ofthe substrate, the film growth 
can take place by iorl-by-ion condensation of the material on the sub- 
strate or by adsorption of the colloidal particles from the solutior~ of the 
suhstrate. The  process of precipitation of a substance from the solution 
onto a suhstratedc-pcnds rr~air~l) on the fi~rmation of a nucleus antlsub- 
sequent growth of the film. T h e  concept of nucleation in solution is that 
the clusters of molecules formed undergo rapid decomposition and par- 
ticlescombine to grow up to a certain thickness of the film beyond which 
no further building u p  of thickness occurs. 
Preparation of polycrystalline films 
- 
L'sirrg ( :RI) ,  Ix~lycryst;dli~~c fil~ns ~~l ' ( : t lS  [I -51. (:tlEe [(i- I I]. ( : t l lc ( 121, 
CulnSe, [13], Bi,S, [14], Bi,Se, [15], PbS [ 1 6 - 2 1 1 , ~ b ~ e  [6, 221, Ag,S 
[23], TlSe [24] and ZnSe [25] have been prepared. Thiourea o r  
thioacetamide as a sulphur source; selenourea or sodium selenosul- 
phate as a selenium source and TeO, as a tellurium source have been 
employed to prepare the chalcogenides in alkaline medium along with 
the desired cation. 
Cadmium sulphide thin film 
CdS thin films are generally prepared by controlled precipitation from 
;1 solutioti c o n ~ a i ~ ~ i n g  :I cx l~n i i~n i  (~o~iqdex : I I I ~  ;in o tyn ic  s ~ ~ l ~ ~ l ~ ~ ~ r - I ~ c : i r i ~ ~ g  
compound such as thiourea which is added at a slow rate to hme a con- 
trolledand slow precipitation of CdS. Thin films (0.8-2 p thick) have 
Ixen ohtained [2, 41 by the controlled reaction between cadmium tet- 
raamrnonium sulphate, cadmiirrn sulphate or cadmium acetate and 
~liiou~.c;~ in solut io~~ it1 :I t e t ~ i p c r a ~ ~ ~ ~ ~ c  r q g c  of7.5-WO(: ;ind pH of'$)- I f )  on 
substrates of nickel, aluminium and copper. The  deposition duration 
was around 30 minutes with the substrates being rotated at a constant 
speed of 70-1 00 rpnl to ensure continuous exposure of the depositing 
surface to the fresh medium so as to result in the formation of'ur~iform 
deposits. 
I he chenlical reactions i n ~ o l ~ e t l  can be broadly giten as follows: 
The films prepared 11y this process are claimed tobe not affected by oxy- 
gen and moisture ambients. In, Ag, As and Gu in the form of their 
l~:~li(lw II; I \ .C I W W I  L I \ C ( I  fiw(1opi11g the (:CIS f'iln~s. An i r ~ ~ e r c s ~ i n g  ol)sc~. 
vation wa\ that films without incorporating dopants were polycrystal- 
line and with dopanl's amorphous. T h e  CdS films were polycrystalline in 
nature with nlixetl FCC (NaCl) and wurtzite structure. A solvent 
medium o f  triethanolamine has also been reported [Ti]. 
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C.dmiiam selenide thin films 
The preparation of CdSe by CBD [6,8-111 by solution growth method 
on a variety of substrates (metal foils, metal films, insulators and 
semiconductors) has been studied under different deposition parame- 
ters such as pH, rate of stirricg etc. Sodium selenosulphate has been 
suggested [7] instead of selenourea which is unstable. The mechanism 
for CdSe and PbSe deposition involves the following general reaction 
step [6]. 
M (A),n+ + SeS092- + 2 OH-+ MSe + nA + S042- + H 2 0  
where M is Cd or Pb and A is a complexing agent (NH3, OH-or citrate) 
for the metal salt such as acetate or sulphate. 
The film formation depends upon an initial nucleation step. The 
Cd(OH)2 present in the solution and also that formed on the substrate 
form the nucleus for the subsequent deposition of CdSe film, whose rate 
of deposition increases with increase in pH. At room temperature (- 28°C) 
with excess of NH40H no film or precipitate forms quickly due to the 
solubility of Cd2+ and Se2-. At higher temperatures, theconcentrations 
of Cd2+ and Se2- increase due to the dissociation of the Cd complex and 
selenourea or sodium selenosulphae and the deposition begins. Mixed 
hexagonal and cubic phases were observed in CdSe films deposited 
from a bath having a suspension of Cd(OH), while cubic phases were 
observed with clear solutions 161. 
To have uniform and quality deposits, it has been recommended that 
the substrates be soaked in a suspension of Cd(OH)2 at at 50°C for 5 
minutes before deposition. This helps in the formation of nucleation 
sites. The deposition is carried out at 80-90°C with occasional stirring for 
30 to60 hinutes [lo, 111 toget atransparent red filrnof CdSe. After the 
initial deposition, the, plates are heat-treated around 500°C for 15 
minutes to improve adhesion. After the heat-treatment the substrates 
are soaked again in Cd(OH)2 suspension and subsequent plating is car- 
ried out. No further heat treatments are necessary for subsequent 
depositions. After the final deposition, the films are activated by heat 
sensitizing in air around 550°C for 30 minutes to obtain good photovol- 
taic properties. 
Cadmium telluride thin film 
Thin films of CdTe have been deposited by CBD on conducting glass 
substrates and Ti plates 1121 around 40-60°C using equimolar concent- 
rations of C ~ ( A C ) ~  and Te02. Te02  is added to NaOH and the pH is 
adjusted to - 2 by addition of H2S04. It has been observed by annealing 
at 590°C for 30 minutes that the Cd:Te ratio changes from - 25:60 to 
- 55:45. 
Copper-indium selenide thin film 
Thin films of CuInSe2 have been prepared 1131 by the solution growth 
method involving a slow reaction of the complex formed by 
triethanolamine with both Ins+ and C U ~ +  and sodium selenosulphate at 
room temperature to get a thickness of 200-300 A. Annealing in argon 
gas results in crystallin.e films. 
Bismuth sulphide and bismuth selenide thin films 
Bi2S3 films have been prepared [I41 by the slow reaction method. At a 
pH of 8, the triethanolamine complex of Bi3+ is allowed to react with 
S2- ions. which are released slowlv bv the di-ociation of thiourea. A 
thin film of Bi2Ss of thickness of 0.5 to 1 pis obtained at a b a h  tempera- 
ture of 100- 1 10°C (for40 minutes) and allowing the reaction tocontinue 
at room temperature for 4 to 5 hours. The films are of n-type with a 
resistivity in the range of (10-30) X 106 ohm.cm. The mechanism of 
deposition of Bi2S3 is similar to that of Pbchalcogenides [16-181. 
h o u ~ .  By the addition of hydrazine hydrate, thin films of BisSeJ with a 
metallic lustre, good electrical conductivity and thickness in the range of 
0.1-0.2 p can be formed in a shorter time of about 30 minutes. 
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Unlike Bi2S9, Bi2Se3 can be deposited 1151 at room temperature by ; 
the reaction between ammoniaca] triethanolamine complex o f ~ i 3 +  and 25. G A  Kitaev and T P Sokolova, R w J I ~ ~ ~ ~  them, 15 (1 970)'l76 
sodium selenosulphate. The deposition goes to completion in a b u t  2 # 
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